During histogenesis of the vertebrate central nervous system (CNS), neuronal progenitors must interact with germinal zone (GZ) niches, differentiate, and morphologically mature, and neurons must migrate to their final positions. The extrinsic cues that control neurogenesis, specify neurons, and guide their movement are relatively well understood. However, less is known about how neurons spatiotemporally modify cell-cell interactions and cell polarization to navigate through complex, distinct cellular environments during neuronal circuit formation. Here we examine the parallels between the mechanisms controlling epithelial morphogenesis and the cell adhesion events by which neural cells organize GZ niches and direct neuronal migration. We focus on the emerging relationship between neuronal adhesive interactions and conserved cell-polarity signaling cascades.
Introduction
Epithelial morphogenic events (i.e., oriented cell division, directed cell migration, differentiation, and overall tissue structure) are regulated largely by the fine-tuning of specialized cell junctions by polarity signaling cascades [1] [2] [3] [4] . Because cells of the CNS arise from a neuroepithelium and brain morphogenesis is linked to the spatiotemporal interaction of immature neurons with neighboring cells, similar events may shape CNS morphogenesis. We first describe the architecture of polarized epithelia and the molecular and cellular players that establish adhesive events and apicobasal polarity, then review recent studies that demonstrate similar mechanisms in neural development. Because adhesion is only one aspect of neural development controlled by cell polarity during vertebrate brain morphogenesis, we direct readers to recent reviews examining the role of the same cascades in other key events, such as asymmetric cell division [5] [6] [7] [8] , axon-dendrite specification [9] [10] [11] , and polarized trafficking [12] [13] [14] .
Signaling cascades that drive epithelial adhesion and polarization Epithelial cells possesses apical-basal polarity and a series of specialized junctions ( Figure 1a ) that underlie: (i) individual cells' participation in epithelial morphogenesis; and (ii) the vectorial flow of substances across the epithelial surface [1, 3, 15] . Apical-basal polarity is established by recruitment of lipids and cell-surface proteins (e.g., ion channels, transporters, pumps) to membrane domains essential for the epithelium's functional polarity. Each membrane domain possesses distinct cellular contacts; the basal surface contacts basement membranes through integrin-dependent adhesion, whereas the basolateral and apical domains are separated by adherens junctions (AJs), containing cadherins and nectins, and tight junctions (TJs), containing occludins, claudins, or junctional adhesion molecules (JAMs) that make cell-cell contacts [3, 16] .
Epithelial cells display remarkable plasticity of polarity during development [17] [18] [19] . They disconnect from neighboring cells, exit an epithelium via epithelial-mesenchymal transition (EMT), and reincorporate via mesenchymal-epithelial transition (MET). AJ formation during MET and its relationship to key signal transduction cascades is a useful model for dissection of the mechanisms controlling polarity initiation ( Figure 1b) [1]. Epithelial polarity in this context is initiated when nascent adhesions form, through molecules like nectins, linking cells that will incorporate into an epithelium and activating polarity-promoting signaling cascades. How do nascent cell contacts spur AJ formation and initiate epithelial polarity? The cytoplasmic domains of molecules at nascent adhesions act as scaffolds to recruit polarity-signaling molecules. For example, the nectin cytoplasmic domain provides a binding site for activators and effectors of the Ras-related protein 1 (Rap1) or cell division control protein 42 (Cdc42) GTPases [20] [21] [22] [23] [24] , which are essential for polarization and adhesion formation [25, 26] .
Rap GTPases are key regulators of initial symmetrybreaking events [27] . The yeast Rap1 ortholog Ras-related 1 (Rsr1p) illustrates how Rap shapes the early phases of polarization [28, 29] . Rsr1p, which resides throughout the yeast plasma membrane, is locally activated by bud site selection 5 (Bud5p), a Rsr1p GTP exchange factor (GEF) recruited by cell-surface receptors near nascent bud sites. Activated Rsr1p then recruits the cell division control protein 24 (cdc24) GEF to the bud site, leading to cdc42 GTPase activation and the site's actin cytoskeleton-dependent maturation. In an analogous series of events, Rap1 is
